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EFFECTS  OF  TEMPERATURE  GRADIENTS, 
SELF -ABSORPTION,  AND  SPECTRAL  LINE- 
SHAPE  ON  APPARENT  ROTATIONAL 
TEMPERATURES  OF  OH* 


by 

B.  H.  Elliott  + 


Daniel  and  Florence  Guggenheim  Jet  Propulsion  Center, 
California  Institute  of  Technology 
Pasadena,  California 


The  effects  of  temperature  gradients,  line  contour,  and  self- 
absorption  on  observable  intensities  have  been  studied  for  the 
P , -branch,  (0, 0)- band,  c£  —*■  transitions  of  OH  in  absorption 

and  emission  experim<snts . 


* Supported,  in  part,  by  the  Office  of  Naval  Research  und  ,r 
Contract  Nonr-220<03),  NR  015  210. 

t Lt.  Colonel,  U.S.M.C.  This  article  is  based,  in  part,  on  a thesis 
submitted  by  B.  H.  Elliott  to  the  Graduate  School  of  the  California 
Institute  of  Technology,  in  partial  fulfillment  of  requirements  for 
the  degree  of  Aeronautical  Engineer.  The  author  is  indebted  tc 
Dr.  S.  S.  Penner  for  helpful  suggestions  throughout  the  course  of 
the  work. 


The  effects  on  apparent  rotational  tevnperatur«{of  OH)  of 

temperature  gradients*  and  of  spectral  line-shape^  coupled  with 

2.  3 

varying  degrees  of  self-absorption,  have  been  described 

» 

for  representative  systems . It  is  the  purpose  of  the  present  calculations 
to  amplify  the  conclusions  drawn  previously  in  several  respects  by 
presenting  additional  numerical  results  particularly  for  simplified  models 
of  iow-preesure  and  atmospheric  - pressure  flames. 

The  calculations  emphasize  the  fact  that  definitive  conclusions 
regarding  interpretation  of  flame  spectra  are  not  easy  to  obtain 
by  use  of  conventional  low- re  solution  spectroscopic  studies  of  flames. 
Multiple  path  experiments  or  absorption  studies  with  discrete  line 
sources  appear  promising  provided  they  are  restricted  to  conditions 
under  which  the  spectral  line-shape  is  known.  Alternately,  the  use 
of  interferometric  studies  may  be  indicated. 

I.  Effect  of  .Line  -Shape  and  of  Self -Absorption  on  the  Use  of 

the  Isointensity  Method^  for  Isothermal  Systems. 

According  to  the  isointensity  method  the  temperature  of  a radiator 

is  obtained  from  a comparison  of  two  spectral  lines  which  are  of  equal 

intensity.  Let  a(K)  be  the  total  intensity  of  the  line  identified  by  the 


S.  S.  Penner,  "Quantitative  Studies  of  Apparent  Rotational  Temp- 
eratures of  OH  in  Emission  and  Absorption  (Spectral  Lines  With 

Doppler  Contour)",  Technical  Report  No.  5,  September  1952;  Journal 
of  (Chemical  Physics  (in  press). 

S.  S.  Penner,  "Effect  of  Spectral  Line-Shape  on  Apparent  Rotational 
Temperature**  of  OH",  Technical  Report  No.  8,  November  1952;  Journal 
of  Chemical  Physics  (in  press). 

G.  .Hi  Dieke  and  H.  M.  Crosswhite,  "The  Ultraviolet  Bands  of  OH, 
Fundamental  Data,"  Bumblebee  Series  Report  No.  87,  Nov.  1948. 
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index  K. 


Then*  for  spectral  lines  with  Doppler  contour. 


1 


A<KJ/A(K'J  . [W*l/WK'>]  LVtu<K)/x^a!K'j]x[5(K')/5(K)]  <1J 

where  IrnA.g(K)  is  the  peak  intensity  emitted  from  the  K'th  line, 

K)  is  the  frequency  at  the  line  center  of  the  K'th  line,  and  ^ (K) 
is  a known  function  of  the  value  of  P X for  the  K'th  line,  where 

utiLX 

P ^ is  the  maximum  spectral  absorption  coefficient  and  X is  the 
max 

optical  density.  The  line-shape  for  combined  Doppler- and  collision  - 
broadening  is  described  by  the  parameter 


a = <bN  * bc!  tfn  2!1/2/bD 


(2) 


where  b^,  boi  »uu  uq  ucuutc,  respectively,  the  natural,  the  Collision, 
and  Doppler  half- widths.  In  general  bN  < b^.  and  a — 0 for  pure 
Doppler  - broadening. 

In  order  to  emphasxs  e that  Eq.  (1}  applies  to  spectral  lines 
with  Doppler  contour  we  shall  write  it  as 


A(a  = 0.  K)/A<a  = 0,  K')  = [ij*  = 0,  K)/l (a  = 0,  K'j] 

x I'0*  u(K>/  u/u<K'  >1  L 5 <K'  >/"£  <K>]  • <*»> 


The  effect  of  line-shape,  under  isothermal  conditions,  on  the 
use  of  the  isointenBity  method  may  be  determined  by  evaluating  the 
ratio  A(a,K)/A(a,  K'}.  This  result  can  be  obtained  most  conveniently 
by  using  Eq,  (la)  in  conjunction  with  the  "curves  of  growth". 4 


4 E.  M.  F.  van  der  Held,  Z.'  Physik  70,  508  (1931);  A Unsold,  Physik 
der  Sternatmospharen.  p.  168,  J.  W”.  Edwards,,  Ann  Arbor  1<T¥8; 
for  an  extension  of  the  curves  cf  growth  to  larger  /alues  of  the  line- 
shape  parameter  a,  see  S.  S.  Penner  and  R.  W Kavanagh,  Technical 
Report  No.  6,  Contract  Nonr-220(03),  NR  015  210,  California 
Institute  of  Technology,  September  1952,  or  Journal  of  the  Optical 
Society  of  America  (in  press). 
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The  ordinate  of  the  curve  of  growth  is  proportional  to  A(a,K) 
for  P X(K).  Thus  the  ratio  A(a,  K)/A(a  = 0,  K)  can  be  obtained 
simply  by  reading  the  ordinate  corresponding  to  the  known  value  of 
P.„_„X(K).  Finally,  the  quantity  A(a,  K)/A(a,  K’J  is  obtained  by 

ills  X 

writing 


A(a,K)/A(a,K‘)  = j^[A(a,K)/A(a  = 0,  K)j  j (k(a,K')/A(a  = 0,  K')]j 

x |A(a  = 0,  K)/A(a  = 0,  K')J  . 


(3) 


i 


The  results  for  K*  = 1 of  representative  calculations  at  3000°K, 
using  Eqs.  (la)  and  (3)  together  with  the  "curves  of  growth"  £for  the 
P, -branch  of  the  — ♦ 27T  transitions  of  OK,  (0,0)-  banaj  , are 

plotted  in  Figs.  1 to  3 for  a = 0.  005,  a = 0.  05,  and  a = 2.  respect- 
ively.* The  seif~absorption  parameter  again  refers  to  the  value  of 
1 - exp  (-P  „ X)  for  the  first  iine  of  the  P , ■•branch  and  assumes  the 
values  0.3,  0.7,  and  0.95. 

In  order  to  illustrate  the  combined  effects  of  line-shape  and 
self-absorption  on  lines  of  equal  intensity,  from  which  conclusions 
might  be  drawn  concerning  the  "temperature",  the  results  listed  in 
Table  I may  be  consulted.  In  Table  I the  lines  of  ini msity  closest  to 
the  intensity  for  K = 3 and  K = 6 have  been  tabulated  for  different 
values  of  £’  and  of _a.  Reference  to  the  data  shown  in  Table  1 

indicates  a large  effect  of  for  3mall  a,  but  the  results  are  quite 
insensitive  to  £!  for  large  a.  Hence  the  conclusion  is  reached  that 
self-absorption  errors  become  more  important  as  the  pressure  is 
reduced,  i.e.,  as  a is  decreased.  A more  quantitative  conclusion 

t.% 

* The  authorji  jmms  indebted  to  Mr.  N.  Schroeder  for  performing  the 
numerical  calculations . 
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in  justified  only  if  absolute  values  are  known  for  a in  flames,  which 
is  not  the  case  at  the  present  time. 

Table  1.  Effect  of  £,'  and  a on  Lines  of  Equal  Total  Intensity. 

K value  of  line  with  intensity  closest  to  K = 5 for 


S'  = 0.  3 

C%  * 0.7 

<£’  = 0.95 

a a 0. 005 

13 

14 

16 

a s 0. 05 

13 

14 

16 

a 3 2 

13 

13 

14 

K value  of  line  with  intensity  closest  to  K = 6 for 


c.  * u.  e 

c,1  » C.T 

£'  = 0. 

a = 0.005 

10 

11 

14 

a s 0.  05 

10 

11 

13 

a 3 2 

10 

10 

10 

Because  of  the  ambiguity  in  matching  lines  of  equal  intensity 
for  small  values  of  a and  large  values  of  £»’  the  isointensity  method 
cannot  be  used,  even  for  isothermal  systems,  at  low  pressures  unless 

independent  proof  is  provided  that  <£'  <.<.0.3. 

If  £'  is  sufficiently  small  then  it  can  be  shown  that 

A(a,K)/A(&,  K')  = S^u  (K)/S^U(K')  (4) 

where  S^u(K)  is  the  integral  of  the  spectral  absorption  coefficient 

5 

for  the  K’th  line.  Here  S^u(K)  is  given  by  the  expression' 

^ S.  S.  Penner,  J.  Chem.  Phys.  20,  507  (1952). 


S_fu(K)  - (641^/Jc5)  Nu(Kl[v4n  tKl^fsjfulK)]2/ cf°  &!u|K)]  *5> 

where  c * velocity  of  light;  Nu  = number  of  molecules  per  unit  volume 

per  unit  pressure  in  the  upper  energy  state;  Vg  = frequency  of  the 

emitted  or  absorbed  radiation  at  the  center  of  the  line,  which  is 

obtained  from  the  Bohr  frequency  relation;  q ^ = matrix  element 

corresponding  to  transitions  between  the  two  given  energy  states;  and 

J*  °(Vj£u)  s volume  density  of  blackbody  radiation  at  the  frequency 

as  given  by  the  Planck  distribution  law.  The  quantity  N^(K)  may 

be  replaced  by  Nu(K)  = Ngu(K)  |exp  (-Eu(K)/kTu)J  /Q  where  N = total 

number  of  molecule*  par  unit  volume  ner  unit  pressure,  &_  (K)  = 

* -a 

statistical  weight  of  the  upper  energy  state  involved  in  the  given  trans- 
ition, Q = complete  partition  function,  and  the  expression  for  S a (K) 
may  be  rewritten  as 

SA<k>  - (64H4/3c3)  Ngu(K)^>Jill  <K)J  4[  q (K)] 2 

x fxp  [-  Eu(K!/kTuj]  Q^c'1  r_p°fVil,(K)]y  . (5a) 

Hence,  for  lines  of  equal  intensity, 

s .a(K)/s , (K-)  = f jy  o„(K)l  4 g,,(K)  rq0„«Kjf ] 

*ft^u<K'!!4*u<K’>k»a<K,>]2} 

x exp  f-  [eu(K)  - EU(K')]  / kT?  jl  i (6) 
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Put 

* [^u<K’OlVfu<K>] 

*{«*thMe.w'k  *«]-»} 

\ 

xfexp[h\^u(K')/l:.TuJ  - lj  '* 

a?  [%,<*'>  f [Vjtu«K»]  ’* 

x exp  [ih/kTJ  [Vj^K)  -y^K')]  } . 


Substituting  this  relation  in  £q.  (6)  we  obtain 

1 * [Ulu(K)/U„(K')l  ( g_(k>f  qA.(K)l2/g..(K')rqc„{K')l2l 
L *u  «*“  _J  ^ “ U “ J ! L-  J J 

x exp  [-[Eu(K)  - Eu(K*)]  j k Tuj 

x exp  f(h/k-Tu>  [\Jgu(K)  -^jeu(K,)]}  (6a) 


In  this  last  expression  every  quantity  is  known  for  a given  pair 
of  lines,  except  the  temperature  Tu.  Hence  Eq.  (6a)  can  be  used  to 
obtain  T as 


CEU<K>  - 

E„<K'>]  +hlvAu<K>  - Vji  -Jiv 

k jfa 

f 'WK’>  *u‘K’>  l tfu<K'>J  A \ 

gJK)  [^U(K)J  “ ) 

(6b) 


This  principle  is  used  in  conventional  isointensity  methods  for  mea  suring 
temperatures  although  the  approximation  Vgu(K)»-  Vgu(— ) is  usually  added , 
It  is  clear  from  the  proceeding  discussion  that  the  practical 
use  of  Eq,  (6b)  depends  on  the  identity  of  A(a,K)/A(a,  K' ).  with 
Sjk(K)/S£u(K»).  The  limitations  concerning  this  relation  have  been 
discussed  in  connection  with  *'igs.  1 to  3 and  Table  1. 


1 

J 


11.  Two-Path  Experiments  for  Non- Isothermal  Regions 

(Spectral  Lines  with  Doppler  Contour,  Peak  Intensities). 

Calculations  which  are  made  in  this  section  correspond  to  the 
assumed  experimental  arrangement  illustrated  in  Fig.  4, 


P 'X' 

P X 

1 

P 'X* 

max 

max 

max 

T' 

T 

T' 

Symmetrical  Flame 


Mirror 


Fig.  4.  Schematic  arrangement  of  two -path  experiment  for  a flame 
represented  by  two  isothermal  regions. 


The  OK  concentration  is  treated  as  a variable  parameter  both  in  the 


( r r 

hot  region  - exp  ( ■ 


I&’  = £l  - exp  (-P^^'X'jJ  1 • ft  is  physically  reasonable  to  assume 

6*  £ 6. 

Calculations  have  been  carried  out  for  peak  intensities  and 
for  spectral  lines  with  Doppler  Contour.  Peak  intensities,  even  for  low- 
pressure  flames  with  Doppler-broadened  lines,  have  not  been  measured. 
3ueb  measurements  might  be  possible  with  an  interferometer.  Jn  part- 
icular, it  is  clear  that  the  results  of  the  present  calculations  do  not  apply 
to  observational  data  obtained  with  a low- resolution  spectrograph. 

Referring  to  Fig.  4 the  peak  intensity  I for  the  spectral  line 
whose  center  lies  at  may  be  written  as  follows: 


max 


X)  > and  in  the  cool  region 


exp  (-PT 


1 
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1 = R'(^u)  [l  - exp  (-P^.'X'i]  + R(^u)  [l  - exp  '-Pmaxx[[  expl-P^'X') 

+ R'  (%>  H - «P  <‘Pmt.x'X'>]  '*P  !-Pmax  X)  "*  !-PmaxX'> 

+ ' {R>  <%>  [‘  - “**  <-pmax’X'(]  «p  <-2  WX'I  «-PmaxX> 

+ R (UfJ  [l  . exp  (-Praix  X)]  exp  (-3  P^X-)  exp  <-Pmax  X) 

+ R’  <'°.£u) t1  " *xp  ('Pmax'X1']  «*P<-2PraaxX>eJIP<-3Pmax'X,»;  <7> 


where  r is  the  reflectivity  of  the  mirror  and  the  other  symbols  have 


their  usual  uiCwiung « 


i^\  ma  tf  Ka  in  tfia 

UO  kivu  \ * j «»«—  J MW  « *v  » *«*WVM  *»•  *>«  w 


I - R'  IVjfal  & - .XP  (-P^'X')] 


f 


1 + “P  <-Pmax  x * Pm«'X'>  + r «p  <-P~~  X ' 2 P --- x’> 


max 


max 


• X')| 


+ r exp  !-2  PInax  X - 3 P^ 


+ R <VA)  L>  - exp  (-Pmax  X)J  exp  (-P^  X') 


f 


1 + r exp  (-P  X - 2 P ’X1)  V 
r 1 max  max  7 J 


(7a) 


Using  Planck's  blackbody  distribution  for  RiV^)  it  follows  that 

Ri  (Vi?u)/R(  = exp|-  (h>viu/k)  L(1/t,>  - n/T)j"[ . 


Hence  Eq.  (7a)  becomes 
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X/ROiu)-  L‘  - «P  (-P^,  X)]  exp  (-P 

|i  + r expl-P^X-2  Pmax'X')j 

+ exp  f(hViu/k)  [(1/T«)  - (1/T)]  [l  - exp  (-P^^^'X'jJ 

x (l  + exp  (-P  X-F  'X')+  r exp(-P  X -2  P 'X'} 
) ' max  max  ^ max  max  ' 

v 

+ r exp  (-2  P „ X - 3 P *X')\  . (7b) 

r 1 max  max  ' j ' ' 

For  reasonable  values  of  T and  T1  and  for  unit  reflectivity  of  the  mirror 

nra  ftKtajfi; 

l~R(Vyu)  6 (1  - 6’)  [i  + (1  -6)(l  - 6')2]  (8) 


If  I1  represents  the  intensity  for  the  single  path,  then  I,:=fRO^gu)£,  (1  -£»’) 
whence 


i/r  i + (i  - &)  (i  - 6')2. 


(9) 


ihe  observable  ratio 


Z/I:  has  been  calculated  as  a function  of 


^Saav  *or  various  values  of  &(K  = 1)  and  £,’(K.  - l)  for  the  Pj-  branch 
2 2 

and  2 (T  transitions  of  OH.  Results  are  plotted  in  Figs.  5 to  S. 

Reference  to  Figs.  5, to  8 shows  that  the  intensity  ratio  I(K)/I'(K)  ip  a 

very  sensitive  function  of  the  self  absorption  parameters  C and 

It  is  clear  that  the  intensity  ratio  for  two-path  experiments  would  be  a much 

less  sensitive  function  of  C and  £'  for  measurements  of  total  intensity. 


The  important  result  derived  from  the  present  calculations  is 
that;  even  for  values  of  £,  as  small  as  0.  3 the  ratio  1(K)/X(X')  is 
appreciably  less  than  two  for  the  stronger  lines.  In  other  words . a 
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two-p&th  experiment  measuring 'peak  intensities  is  a relatively 
sensitive  device  for  studying  self-absorption  and  temperature- 
distortion  quantitatively.  As  will  be  shown  in  the  following  Section  III  , 
this  last  conclusion  applies  also  to  absorption  experiments  in  which 
peak  intensities  are  measured. 

111.  Absorption  Experiment  for  Non-lsothermal  Regions  (Spectral 

Lines  with  Doppler  Contour,  Peak  Intensities). 

Because  of  the  experimental  difficulties  arising  from  inadequate 
resolving  power  in  the  measurement  of  peak  intensities  for  two-path 
experiments,  it  is  of  interest  to  consider  the  use  of  a bscrpticn 
experiments  using  discrete  line  sources. 

Calculations  which  are  made  in  this  section  correspond  to  the 
assumed  experimental  arrangement  illustrated  in  Fig.  9.  The  light 
source  radiates  at  the  center  of  a given  spectral  line  as  a blackbody 
at  the  temperature  T . 


I 

P „ ’X* 

P X 

Jr'. . ;X* 



max 

max 

Max  A 

x« 

T 

T‘ 

Light  source  emitting 
discrete  lines. 


Fig.  9.  Schematic  arrangement  of  absorption  experiment  for  a 
flame  represented  by  two  isothermal  regions. 

Referring  to  Fig.  9,  the  transmitted  intensity  I for  the  spectral 
ixne  w hose  center  lies  at  b®  written  as  follows: 
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I . R(T.)  exp  (-2  P^X-  - X) 

+ R(T’)  [l  - exp  «-P„..'X')j 
+ R(T)  fl  - exp  <-P„._X)l  exp  (-P^.'X') 

T . " . 1 - 

+ R (T'l  j * - sxp  l-P^T)  | exp  (-P„„X  - P 'X').  (10) 

m • 

For  T » T,  T*  and.  exp  (-P„,  X),  exp  (-  P 'X'}<<  1, 

" ni**  -max  — 

I * R(Ta)  exp  (-2  P^X'  - P^X).  (10a) 

From  Eq.  (10): 

I/R(T8)  * exp  (-2  Pmax*X«  - PmaxX) 

+ RiTM/RiT^)  [i  - exp  (-P^** 

+ R(T)/R(T#)  Tl  - exp  (-P^X)]  exp  {-Pmax’X*>  (10b) 

or 

1/R(T.)  - exp  (-2  Pmax<X>  - PMX  X) 

+ o>n>|-(hlJ{u/k)[(l/T')-!l/T,!]|[l  - exp  (-P^’X'ij 
*[1-'Xp(-PmaxX-Pmax'X,5 

+ «*p(-<h^A>[<1/T'>-<1/T.>]}[1  -exp(-PmaxX)j  expi-P^'X'). 

(10c) 

][n  general  we  may  neglect  the  radiation  from  the  region  at  temperature 


n 


+ exp 


<‘Pma*X 


-p  »x’:i 
max 


T'  and  use  the  relation 


.12. 


O 


I/R(T,)  . «p  (-2  P_.„.'X'  - P„..X) 

- * 

+ expj^-  <h^u/k)[(l/T|-  Jl/*.)]j[l  - (-P^X)]  exp  (-P^'X-J 

* »1  - fi'Al  -a*  fi(l  -A’>  e*»f  -Ili'A  Ik)  la/T)  - (l/T  ll\  . flOdl 

- - — - - | «U  I.-  " " 

If  T » T.  §•  should  b*  th$  £§■«  fOT  £ AAAil  iKantfnHmi  g^HjgjSiSSt, 

than 

e^»^(h\^tt/k)r<&/T)  - Si  exp  <-hV,4u/kT>- 

But  hV/k  * hct>/k  * 1. 4326J  and  exp(-h  V^u/kT)-exp(-l.  432x30,  C90/3000):tfexp(-14). 
Haoea  f«?  T^»  X Eq.  (10d)  a*y  be  wtitlea  ■ ■ 


1/R(Tb)  o*  (1  -6«)2(I  -6).  (11) 

Comparison  of  Eqs.  (9)  and  (II)  shows  that  the  transmitted 
intensity  divided  by  the  incident  intensity  from  a discrete  line  source  is 
nearly  equal  to  i/1'  - 1 where  1/1*  is  the  ratio  of  the  intensity  of  the 
flame  for  a double -path  experiment  to  the  intensity  of  the  flame  for  a 
single -path  experiment.  Figures  (5)  to  (8)  may  then  be  reinterpreted 
in  such  a way  that  l/V  - 1 represents  the  absorptivity  of  the  flame  for 
discrete  radiation. 

Since  l/V  or  l/V  - 1,  for  measurements  of  peak  intensities, 
are  very  sensitive  functions  ox  the  self  absorption  parameters  £ and  £* , 
it  follows  that  I/R(T#)  is  also  a sensitive  function  of  £ and  £ ' . Unlike 
peak  intensity  determinations  in  two -path  experiments,  the  discrete 
line  source  experiment  may  be  feasible  with  ordinary  spectroscopic 
apparatus  fey  using  as  source  OH  in  a discharge  tube  or  else  an  ex&lted 


-13- 


raetal  li&e  *vhich  coincides  exactly  with  a line  of  OH.  * Xn  this  connection 


.U  * — —£  i-A.^u«.A. 

ili  XO  Vi  «(UV«OOS  IV 


—--a-  ai.«A  xk«  4Ato  ;i,i9  u«A  -r 

UV»V  uue^  SMV  «*VV^f  7 * A fiiUV  Vi  »UU|^e  fcCU  WVXUVXUS 


with  the  10*  line  of  the  (0,0)  band,  ^ — •*  2T)  ■ transitions , of  OH. 


IV.  Two-Path  Experiments  for  Non- Is  ©thermal  Regions  (Spectral 

TJ«aa  *Piih  ^amhtnjiA  Soppl"?  and  CglliiigS  Rr.ja j«ninalfi/i]^ I^#Z~efs 

The  calculation*  summarised  in  this  section  again  correspond  to 
the  experimental  arrangement  illus  trated  in  Fig.  4 of  Section  H.  The 
parameter  must  now  be  replaced  by  P{(Jiu)  where  PkJ#^).  the 

spectral  absorption  coefficient  at  the  line  center,  is  to  be  evaluated 
for  combined  Doppler-  and  collision- broadening.  The  quantity  P{Cij^) 
is  related  to  P^  and  a through  the  expression^ 


P«J*U)  * P1MX  [%xp(a2)  j £erfc  (a)] 


(12) 


where 


eric 


(a)  s [*/T4i^23^/[« 


exp  (-  x ) 


dx. 


Equation  (9)  may  be  rewritten  as 

i/r  ^ i + (i  -&D_C>  (i  -t‘o.c!2 


where 


D-C  “ 1 " 


[•<PnMtx  Xi  CTfc  <a)  exp  ^2)]» 

[“  (Pmax,X,)  exic  <a,)  exp  <a’  2)]  * 


(9») 


(13) 


(13a) 


and  a*  represents  the  line-shape  parameter  for  the  gases  at  the  tempera- 
ture T'. 


* Absorption  experiments  using  discrete  linos  as  source  have  been 
considered  at  various  times  by  most  of  the  active  workers  in 
combviftion  spectroscopy. 
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The  ratio  1/1*  has  been  calculated  for  a*  s a ranging  from  0 to 
10,  £{Ks  l)s0.7,  6 '(K  = 1)  = 0. 1 and  0.  5,  for  the  P j -branch,  (0,  0). 
band  and  *"*  * IT"  transitions  of  OH,  Results  are  plotted  in  Figs . 10 
and  11.  Reference  to  Figs,  10  and  11  shows  that  two- path  experiments 
witi  yield  yggBitg  wnich  sensitive  functions  of  the  line-shape  para- 
meter a .with  distortion  of  experimental  data  by  self  .absorption 
diminishing  as  the  numerical  value  of  a is  increased,  under  otherwise 
comparable  experimental  conditions. 

V,  Peak  Absorption  Experiments  for  Non-Isothermal  Regions 
(Spectral  Lines  with  Combined  Doppler  and  Collision 

V* J * 4 

jd  roa^eoing; 

Calculations  in  this  section  correspond  to  the  experimental 
arrangement  illustrated  in  Fig.  9 of  Section  117  with  replaced  by 

Here  P(u>#„)  again  depends  on  P and  a as  shown  in 

Eq.  (12). 

Equation  (11}  now  becomes 

I/R(T8)2S  (1  -aD.c)(l  -fc’y. c)2  (Ha) 


where  & a**d  ^*D-C  k*vc  been  defined  in  Eqs.  (13)  and  (1  3a). 

Comparison  of  Eqe.  (9*)  and  (11a)  shows  that  I/RTg  - I/I‘  - 1 is 
obtained  simply  by  reinterpreting  the  ordinates  of  Figs.  10  and  11. 

Hence  the  same  conclusions  apply  to  absorption  experiments  with  discrete 
sources  as  to  measurements  of  peak  intensities  for  two -path  experiments. 
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